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1. Introduction

Flexible uplink downlink allocations in TDD can potentially be beneficial in a number of different scenarios as described in our companion contribution [1]. It was seen in [2] that faster reconfiguration than is available in Rel.11, gives significant performance improvements with the studied traffic model. It was also concluded in [2] that faster adaptation provides larger benefits than slower adaptation.  

2. Methods for realizing dynamic TDD

During the study item for enhancements for TDD interference management and traffic adaptation a number of time-scales of adaptation and singling means for realizing this adaptation was studied. In the technical report [2] 4 methods for signalling was discussed. The options are enhanced broadcast signalling, UE specific higher layer reconfiguration (by RRC or MAC) and physical layer signalling. In this contribution we will discuss the pros and cons of the different methods, also taking the specification work done in Rel-11 into account. 

2.1. Enhanced system broadcast

It is supported from LTE Rel-8 to change the TDD configuration in the system information, SIB1. It should however be noted that the intention have never been that this information should be frequently changed and the procedures have been optimized for robustness and low UE power consumption rather than dynamics. If backwards compatibility is to be kept the current procedure needs to be maintained, but even while keeping the current procedure new system information blocks could be added similar to what was done for overload protection in Rel-11. Broadcasting has generally the benefit that also idle mode UEs can receive the information, but traffic adaptation is not relevant for idle mode UEs as long as access procedures are maintained. This method still has the drawback of rather slow reconfiguration and/or larger UE battery consumption if all, also Idle mode, users need to wake up from DRX to receive this element. This is expected to have minor impact on RAN1 specifications but major impact on RAN2 specifications. 
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Figure 1
 Change of system Information (Figure 5.2.1.3-1 in [3])

2.2. UE specific higher layer signalling 

One possible option for supporting more dynamic reconfiguration of UL/DL assumptions is to use UE specific higher layer signalling, provided by RRC or MAC. This option has the drawback that all active users need to be reconfigured but the benefit that only active users need to be addressed. Since traffic adaptation give largest benefits most likely this only means one or a few users, hence the system overhead may be very small. The signalling needed to provide a UE with TDD configurations was introduced in Rel-11 under the context of further enhanced ICIC, where dedicated RRC signalling of SIB1 was introduced. It should however be noticed that this was introduced with the assumption that the dedicatedly signalled SIB1 is the same as the SIB1 in the BCH, and no behaviour is specified for the cases where they differ. Also like with all RRC and MAC signalling there is an ambiguity period during with the UE may or may not have applied the new configuration. It is also unclear how uplink HARQ process mapping will be done after a change of TDD configuration leading to an unknown NDI state. Most likely these problems would need to be solved by introducing a guard period during the ambiguity where the user is not scheduled or by defining a synchronization procedure for reconfiguration and defining a cross configuration HARQ process mapping. With this method some overhead is introduced by the RRC signalling needed, but this is limited since only active users needs to be reconfigured but the time scale of adaptation is limited by the overhead from the signalling and ambiguity/synchronization procedure. If the adaptation time is long enough the ambiguity problems may not need to be addressed, but with a penalty in performance. 

From RAN1 perspective there is little difference between MAC and RRC signalling. The overhead and processing latency may be larger for RRC signalling while MAC introduces a somewhat larger error probability since it is not protected be RLC retransmissions. 
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Figure 2
 RRC connection reconfiguration, successful (Figure 5.3.5.1-1 in [3])

2.3. Physical layer signalling – UL/DL Reference configuration
Physical layer signalling implies TTI based adaptation. This can be realized with in principle no additional overhead by applying different reference configurations for uplink and downlink. UL/DL Reference Configurations mean that some subframes can be scheduled either for uplink or for downlink by dynamic grants/assignments from the scheduler. This can be realized by applying HARQ and scheduling timing based on different TDD configurations, reference configurations, for the different links. This may appear complicated and with large impact on RAN1 specification, but the procedure is in principle already supported by UEs supporting carrier aggregation with different UL-DL configurations introduced in Rel-11.   With UL/DL Reference Configurations RRC configuration would also be needed to activate the feature but only be sent once. This would alleviate the need for synchronization and HARQ continuity for reconfiguration and substantially reduce the impact on RAN2 specifications. This method provides no or very limited additional overhead and the supported time scale is in the order of one or a few TTIs. Additionally this scheme naturally handles any problems with RRM and RLM measurements since this can continually be done based on the uplink reference configuration, this “default” TDD configuration may also be used by legacy users ensuring backwards compatibility. 
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Figure 2
 Example of HARQ and scheduling timing inherited from carrier aggregation, scheduling dynamically assign subframe 3 and 8 as uplink or downlink.

3. Conclusion

In this contribution we have discussed the benefits and drawbacks of different signalling methods for realizing fast UL-DL reconfiguration. Some standardization effort is needed regardless of selected method but all appear feasible from a Rel-12 time frame.  From the results in [2] it is clear that fast reconfiguration provides the largest potential gain from UL/DL traffic adaptation compared to slower schemes. Based on these two observations we make the following proposal:


Proposal 1: Further investigate the specification impact of dynamic UL-DL signalling focusing on UL/DL Reference Configurations or other schemes enabling TTI level adaptation. 

First if significant complexity is found slower reconfiguration schemed should be investigated. 
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